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(54) Title: SELF-TUITION APPARATUS 
(57) Abstract 

Apparatus comprising input means (201), output 
means (202) and memory means (203) at least provided 
with an open-ended question memory (204) contain- 
ing open-ended questions and associated correct answers 
and a multiple-<;hoice question memory (205) contain- 
ing multiple choice questions, which are linked to pre- 
determined open-ended questions, and associated mul- 
tiple-choice answers, and a processor (200), which is 
provided at least with first and second processing means, 
which first processing means are designed to: display 
at least one open-ended question via the output means 
(202); read a first answer input by the user; compare 
the first answer with the correct answer; the second pro- 
cessing means being activated automatically, if the first 
answer does not correspond to the correct answer, so as 
to carry out the following steps: displaying at least one 
multipie-choice question with associated multiple choice 
answers (202); reading a second answer input by the user 
(step 125); comparing the second answer with the correct 
answer. 
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Self-tuition apparatus 

The present invention relates to a self -tuition apparatus. Vari- 
ous types of self -tuition apparatus are known in practice. They can be 
5 divided into two classes. The first class comprises apparatus which can 
be used to put open-ended questions to a student on a screen. The stu- 
dent answers the open-ended question with the aid of suitable input 
means, for example a keyboard. The apparatus comprises a memory, in 
which are stored not only the open-ended questions but also the associ- 

10 ated correct answers. After the user has input his/her answer with the 
aid of the input means, the apparatus automatically compares the input 
answer with the correct answer belonging to the relevant open-ended 
question. If the two answers correspond, the apparatus generates a mess- 
age for the user in order to notify him/her of this fact, and the appar- 

15 atus then presents a following open-ended question. 

Another class of self-tuition apparatus relates to apparatus 
which can be used to present multiple-choice questions to a student. 
These multiple-choice questions are provided with various, for example 
four, multiple-choice answers. With the aid of the input means, the 

20 student selects the answer which he/she considers to be correct. In 
addition to the multiple-choice questions and the associated multiple- 
choice answers, the apparatus also stores an indication of which of the 
multiple-choice answers is the correct answer. The apparatus compares 
the answer input by the student with the correct answer and then noti- 

25 fies the student of whether he/she has answered the question correctly 
or incorrectly. Then, the apparatus automatically presents a following 
multiple-choice question with associated multiple-choice answers. 

The self-tuition apparatus of both classes have the drawback that 
they are primarily suitable for testing the knowledge of a student, and 

30 are not very suitable as an aid for stimulating the learning process. 

The object of the invention is to provide a self-tuition appar- 
atus which permits a new form of question-answer interaction of a 
strongly formative nature, i.e. in which questions put by the apparatus 
form part of the learning process and serve to a lesser extent as a test 

35 of the student's knowledge. 

To achieve this object, the present invention provides a self- 
tuition apparatus comprising input means for a user to input data, out- 
put means for output ting data to the user, memory means at least pro- 
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vided with an open-ended question memory containing open-ended questions 
and associated correct answers and a multiple-choice question memory 
containing multiple-choice questions, which are linked to predetermined 
open-ended questions, and associated multiple-choice answers, and a 
5 processor, which is connected to the input means, the output means and 
the memory means and is provided at least with first and second process- 
ing means, which first processing means are designed to: 
a) control a first user interface in the form of the display of at 
least one open-ended question via the output means; 
10 b) read a first answer input by the user via the input means; 

c) compare the input first answer with the correct answer; 

and if the first answer read at step b) corresponds to the correct 
answer 

d) create a first message to the user and continue with step a) 
15 until all the open-ended questions have been answered, 

and the second processing means being activated automatically, if the 
first answer read at step b) does not correspond to the correct answer, 
so as to carry out the following steps: 

e) controlling a second user interface in the form of the display of 
20 at least one multiple-choice question with associated multiple- 
choice answers via the output means; 

f ) reading a second answer input by the user via the input means; 

g) comparing the second answer read at step f) with the correct 
answer ; 

25 h) creating a second message to the user and continuing with step a) 

until all the open-ended questions have been answered. 
A self-tuition apparatus of this kind automatically decides the 
level at which questions are put to a student. If a student has learnt 
the study material well, he/she will answer most of the open-ended ques- 
30 tions correctly. If he/she does not know the answer to an open-ended 
question, the first processing means of the apparatus register this fact 
during the comparison step c). The apparatus then automatically acti- 
vates the second processing means and presents the student with a mul- 
tiple-choice question with various multiple-choice answers. The relevant 
35 multiple-choice question corresponds to the open-ended question which 
the student answers incorrectly . 

The apparatus thus automatically controls the various user inter- 
faces and ensures that the various part-memories of the memory means are 



BNSDOCID: <WO 98321 09A1_L> 



wo 98/32109 




PCT/NL98/00039 



actuated. 

The new question-answer interaction which is presented here is 
intended specifically to be used in the context of computer-aided self- 
tuition. Use can advantageously be made here of modern technological 
5 developments. It is becoming every more possible to provide one computer 
per student, on which use can be made of multimedia presentation facil- 
ities, such as a sound card, CD-ROM, and a very large memory capacity 
for information relating to individual students. The computers can be 
incorporated into a network. 

10 Preferably, authors of the questions, i.e. both the open-ended 

questions and the multiple-choice questions, operate in a context in 
which they themselves provide material for computer-aided self -tuition. 
To do this, the authors may use, for example, a windows word processor 
and specific graphical or linguistic tools. 

1 5 Preferred embodiments of the apparatus according to the invention 

are defined in the subclaims. 

The invention will be explained below with reference to a number 
of figures, which are intended only to illustrate the invention and not 
to limit the scope thereof. In the figures: 

20 Figure 1 shows a structure of a self-tuition apparatus according 

to the invention; 

Figure 2 shows a flow chart of one of the operating possibilities 
of the apparatus in accordance with Figure 1 . 

A self-tuition apparatus according to the invention comprises a 

25 central processor 200, which is denoted in Figure 1 by CPU. The central 
processor 200 is connected to suitable input means 201 and suitable out- 
put means 202. The input means 201 may relate to one or more desired 
options from the following possibilities: a keyboard, a mouse, a touch 
screen, as well as other known input means, 

30 The output means 202 relate to one or more options from output 

means which are known per se, such as a monitor, a display screen, audio 
means, etc. 

The self -tuition apparatus furthermore comprises a memory 203, 
which is likewise connected to the central processor 200. 
35 In its most basic form, the memory 203 comprises at least an 

open-ended question memory 204, in which open-ended questions and at 
least the associated correct answers are stored. Optionally, it is also 
possible to store expected incorrect answers here. This will be explain- 
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ed further below. The questions and answers may relate to written text, 
but also to pictures, for example for children who are not yet able to 
read. 

The basic parts of the memory 203 also include a multiple-choice 
5 question memory 205 with associated multiple-choice answers, a memory 
206 which contains an algorithm for absolute comparison of the input 
answer with one or more correct answers, and a memory 211 which com- 
prises hints/messages for the user. 

In further, more detailed embodiments of the apparatus according 
10 to the invention, the memory 203 also comprises a memory 207, which con- 
tains an algorithm for absolute comparison of an answer input by a stu- 
dent with one or more expected incorrect answers, a memory 208 which 
contains an algorithm for recognizing errors which can be ignored, a 
memory 209 which contains an algorithm for relative comparison of the 
15 answer input by a student with the correct answer, and a memory 210 
which is provided with an algorithm for relative comparison of the ans- 
wer input by the student with expected incorrect answers. 

The following terms are of importance to the explanation of the 
principle of the question-answer interaction: 

20 - correct answer = correct response to the question asked; 

expected error = response by the student which corresponds 

to incorrect reasoning expected by the 
author of the questions; 

error of detail = response by the student which virtually 

corresponds to a correct answer or an 
expected incorrect answer; 

error = response by the student which does not cor- 

respond to one of the preceding possibil- 
ities . 

25 Figure 2 shows a flow chart to illustrate the operation of a pos- 

sible, very detailed functioning of the apparatus according to the in- 
vention. In step 101, the apparatus is started up, for example by the 
student . 

The apparatus responds by presenting an open-ended question from 
30 memory 204 via the output means 202, step 102. 

In step 103, the apparatus waits until the- student has input an 
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answer . 

Once the student has input an answer, the apparatus compares the 
answer input with the correct answer. To do this, the apparatus employs 
the correct answers which are stored in the memory 204, together with 
5 the associated open-ended questions, and the algorithm stored in the 
memory 206 for absolute comparison with correct answers. Comparison 
algorithms of this kind are known to the person skilled in the art and 
do not need to be explained further here. If the answer input by the 
student is correct, a positive message is given to the student in step 
10 108. Then, the program returns to step 102 and a following open-ended 
question, if available, is presented to the student via the output means 
202. 

However, if step 104 finds that the student has not input a cor- 
rect answer with the aid of the input means 201, the program checks in 

15 step 105 whether the student has made an error of detail with respect to 
the correct answer. To do this, use can be made of known algorithms for 
graphical or linguistic recognition. The algorithm for graphical recog- 
nition is a-dapted to fit the technical features of the available input 
means and output means of which it is strongly dependent. The algorithm 

20 for linguistic recognition is fully integrated in the system and is 
therefore described in more detail here. The input of a linguistic 
answer can be made via a keyboard or via a microphone with a system for 
phonological conversion to text. The system is very suitable for the 
latest technological advanced form of input as the algorithm for lin- 

25 guistic recognition can filter features which are not significant. Such 
an algorithm for linguistic recognition filters the answer input by the 
student, checking for example for double spaces, spaces at the end of 
the answer, and the like. Then, the answer input by the student is com- 
pared in absolute terms with the correct answer with regard to the fol- 

30 lowing points: upper-case letters and lower-case letters, punctuation 
marks and diacritical marks. If the comparison shows that the student 
has only made an error of detail, the program proceeds to step 106. In 
step 106 it is established whether the student has made what is known as 
an error of detail which can be ignored. This may relate, for example, 

35 to the incorrect use of upper-case letters and lower-case letters. If 
the program establishes that the error of detail made can in fact be 
ignored, the program continues its route to step 108, which has already 
been explained above. 
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If the error of detail made is not an error of detail which can 
be ignored, the program proceeds to step 107, in which it provides the 
student, via the output means 202, with messages which can be used to 
help with correcting the error of detail . Then, the program returns to 
5 step 102. 

However, if it is found from the algorithm for graphical or lin- 
guistic recognition used that the student has not made an error of 
detail (step 105), the program proceeds with step 109. In step 109, the 
program makes use of an algorithm for absolute comparison of the answer 
10 input by the student with one or more expected incorrect answers. As 
stated earlier, an algorithm of this kind is stored in the memory 207. 
Incorrect answers of this kind are based, for example, on incorrect 
reasoning which is nevertheless obvious and is expected by the author of 
the questions . 

15 If the use of the algorithm for absolute comparison with the one 

or more expected incorrect answers shows that the student has in fact 
input an expected incorrect answer using the input means 201 , the appar- 
atus notifies the student of this via the output means 202, via step 
110, in which the error of reasoning is pointed out to the student. 

20 The program then gives the student a hint on the correct answer, 

step 113. 

In step 114, the program waits until the student has input an 
answer, after having received a hint about it. 

After the student has input an answer, the program checks whether 
25 the input answer is correct. This is performed in step 115, which is 
identical to step 104. If step 115 shows that the student has input a 
correct answer, a positive message follows, step 116. After step 116, 
the program returns to step 102, if there are still open-ended questions 
left to be asked, 

30 However, if the program establishes in step 115 that a correct 

answer has still not been given, the program proceeds to step 124, in 
which a multiple-choice question with various multiple-choice answers is 
presented to the student instead of an open-ended question. This step 
124 will be explained below. As an alternative, step 117, which is ex- 

35 plained further below, can also follow here instead of step 124. 

If step 109 shows that the answer input by the student is not 
identical to an expected incorrect answer, the program checks in step 
111 whether the difference between the answer input by the student and 
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one or more expected incorrect answers is merely an error of detail. To 
do this, use can be made of the algorithm for absolute comparison with 
one or more expected incorrect answers from memory 207, 

If it is established that the error is indeed an error of detail, 
5 the program checks in step 112 whether this is an error of detail which 
can be ignored. Step 112 is comparable to step 106, except that the 
check here is for a difference from an expected incorrect answer, and 
not from the correct answer. If this is in fact an error of detail which 
can be ignored, the program proceeds with step 110, which has already 
10 been explained above. If it is not an error of detail which can be ig- 
nored, the program proceeds with step 117, which step is also carried 
out if it is established in step 111 that this is not an error of 
detail . 

It should also be noted that in steps 106 and 112 for establish- 

15 ing an error of detail which can be ignored use is made of an algorithm 
for recognizing errors which can be ignored, which algorithm is stored 
here in a separate memory 208 . 

In step 117, the program carries out a relative comparison 
between the answer input by the student and the correct answer. To do 

20 this, use is made of an algorithm for relative comparison with correct 
answers, which algorithm is stored in memory 209. Algorithms of this 
kind are known in practice. Linguistic error recognition algorithms of 
this kind work at letter level. They have been used since approximately 
1980, for example in educational programs for typing and word processing 

25 of the types QUERTY, Vingervlug, WP-Trainer, AZtekst and TypPlus. Error 
recognition algorithms of this kind establish very accurately whether 
the student has input too many letters via the input means 201, whether 
there are letters missing, and other types of discrepancies. The algo- 
rithms provide a pattern which can be used to present the spelling cor- 

30 rection and to assess the relationship between the answer input by the 
student and the correct answer. This assessment may take the form, for 
example, of a number. 

It is then established in step 118 whether this number, which is 
a measure of the relative error observed, is less than or equal to a 

35 predetermined threshold value. 

If so, the program continues the procedure by giving a hint as to 
the correct answer via the output means 202, step 119. In step 120, the 
program then waits until the student has input an answer on the basis of 
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the hint given. Once this has been done, the program proceeds with step 
115, which has already been explained above. 

If it is found in step 118 that the relative error is greater 
than the predetermined threshold, the program continues with step 121, 
5 in which the program carries out a relative comparison with one or more 
expected incorrect answers. To do this, use is made of the algorithm for 
relative comparison with incorrect expected answers which is stored in 
memory 210. This error recognition algorithm may be of similar type to 
the error recognition algorithm which is stored in memory 209 and acts 
10 at letter level. In most cases, the algorithms from the memories 209 and 
210 will be identical and only have to be stored once. 

In step 122, the program checks whether the calculated relative 
error generated by step 121 is less than or equal to a predetermined 
threshold value. If so, the program continues with step 123, in which 
15 the student is given a hint about the correct answer. Then, the program 
proceeds to step 120, which has already been explained above. 

If the program establishes that the relative error in step 122 is 
greater than the predetermined threshold value, the program continues 
with step 124, in which it presents the student with a multiple-choice 
20 question with various multiple-choice answers, via the output means 202. 

A presentation of this kind may take the usual form, in which, for 
example, one multiple-choice question with associated multiple-choice 
answers is shown to the user on a monitor. 

In step 125, the program then waits until the user has input an 
25 answer with the aid of the input means 201 . As is known, the answer here 
consists in selecting one of the multiple-choice answers presented. 

In step 126, the program checks automatically whether the answer 
input by the student is correct. To do this, use can be made, for 
example, of an algorithm for absolute comparison with correct answers, 
30 which is stored in the memory 206. 

If the answer is correct, a positive message follows via the out- 
put means 202, step 127. However, if the answer input by the student is 
incorrect, there follows a negative message via the output means 202, in 
step 128. After step 127, the program returns to step 102. After step 
35 128, the program preferably returns to step 125 for as many times as 
necessary for the student to select the correct answer. 

It will be clear that the flow diagram shown in Figure 2 is a 
detailed embodiment of the functioning of the apparatus according to the 
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invention. In its most simple form, the steps of the program relating to 
checking for errors of detail, steps 105-107, the steps relating to 
checking the answer input by the student with respect to one or more ex- 
pected incorrect answers, steps 109-116, and the steps relating to car- 
5 rying out a relative comparison of the answer input by the student with 
the correct answer or with one or more expected incorrect answers, steps 
117-123, are omitted* Thus in its most simple form, step 124, in which a 
multiple-choice question with various multiple-choice answers is pres- 
ented to the student, directly follows step 104, if it is established 

10 that the answer input by the student is incorrect. 

Checking for errors of detail, comparing with one or more ex- 
pected incorrect answers and carrying out relative comparisons with the 
correct answer or with one or more expected incorrect answers relates to 
options which refine the apparatus. 

15 With regard to the self -tuition apparatus presented above, the 

author of the open-ended questions and the multiple-choice questions, 
the student and any instructor have different roles. 

The author thinks up an open-ended question and an associated 
multiple-choice question, as well as one or more correct answers, ex- 

20 pected incorrect answers, for which a sensible explanation can be given, 
and multiple-choice answers. 

The student is initially presented with these questions as open- 
ended question via the output means 202 . It is known that open-ended 
questions test the knowledge of students at the most difficult level. 

25 The apparatus helps the student in all kinds of different ways to give 
the correct answer, for example using (linguistic) spelling tips, indi- 
cations of punctuation marks, automatic filling- in of non-core words, 
(graphically) showing contours, masking background, etc. Only if the 
student does not succeed in giving the correct answer at the level of 

30 the open-ended question (step 104) is the question presented as a mul- 
tiple-choice question with various multiple-choice answers. With the 
multiple-choice question, the student has the option, for example, of 
selecting an answer as many times as the nvimber of multiple-choice ans- 
wers presented. 

35 It should be noted that whatever route the student follows, he/- 

she will always ultimately be aware of the correct answer. 

The apparatus of the present invention is preferably provided 
with means for recording the input answers and the route which the stu- 
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dent took for each question. It is possible in a simple manner to store 
in the memory 203 at what level and via which route the student gave the 
correct answer. The apparatus is preferably provided with means for com- 
piling graphs or the like on the basis of the above factors, which 
5 graphs can be called up by the instructor and can be shown on the output 
means 202. The routes followed by the student in responding to the ques- 
tions can, for example, be "played back" again in the presence of the 
instructor, so that the instructor is helped in his/her discussion of 
the teaching material with the student, 

10 The apparatus according to the invention has various advantages. 

For example, the author only has to take into account the answers 
which he/she finds useful in furthering the teaching process. He/she 
only has to compile correct answers or answers which are incorrect for 
an obvious reason. Moreover, in the multiple-choice questions the author 

1 5 does not have to invent extra diversionary answers to avoid the guessing 
effect. This is because the student is always asked at the level of the 
open-ended questions to input the correct answer. 

Furthermore, each route travelled by the student for each ques- 
tion leads to a meaningful answer. The questions asked by the apparatus 

20 form part of the teaching material and can be assessed. There is less 
need for tests. 

The interaction between the student and the apparatus has both a 
high maximum result, namely a correct answer immediately after an open- 
ended question has been asked, as well as a positive minimum result, 

25 namely finding the correct answer via the multiple-choice questions. The 
student learns even from this. By recording the routes followed by the 
student, an instructor can establish where the student has problems with 
the teaching material. By calling up the relevant routes, the student 
can offer help in solving these problems. 

30 The apparatus discussed thus forms a teaching aid, since it is 

able to switch automatically between various layers of questions and 
associated answers in interaction with a student. 
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1 1 

Claims 

1. Self-tuition apparatus comprising input means (201) for a user to 
input data, output means (202) for outputting data to the user, memory 

5 means (203) at least provided with an open-ended question memory (204) 
containing open-ended questions and associated correct answers and a 
multiple-choice question memory (205) containing multiple-choice ques- 
tions, which are linked to predetermined open-ended questions, and asso- 
ciated multiple-choice answers, and a processor (200), which is connect- 
10 ed to the input means (201), the output means (202) and the memory means 
(203) and is provided at least with first and second processing means, 
which first processing means are designed to: 

a) control a first user interface in the form of the display of at 
least one open-ended question via the output means (202) (step 

15 102); 

b) read a first answer input by the user via the input means (201) 
(step 103); 

c) compare the input first answer with the correct answer (step 
104); 

20 and if the first answer read at step b) corresponds to the correct 
answer 

d) create a first message to the user (step 108) and continue with 
step a) until all the open-ended questions have been answered, . 

and the second processing means being activated automatically, if the 
25 first answer read at step b) does not correspond to the correct answer, 
so as to carry out the following steps: 

e) controlling a second user interface in the form of the display of 
at least one multiple-choice question with associated multiple- 
choice answers via the output means (202) (step 124); 

30 f) reading a second answer input by the user via the input means 

(201) (step 125) ; 

g) comparing the second answer read at step f) with the correct 
answer (step 126); 

h) creating a second message to the user (step 127/128) and continu- 
35 ing with step a) until all the open-ended questions have been 

answered . 

2, Apparatus according to Claim 1, characterized in that firstly, 
before steps e) to h) are carried out, third processing means are auto- 
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matically activated so as to carry out the following steps: 
i) establishing (step 105) whether the difference between the first 
answer and the correct answer is a first error of detail which 
can be ignored, and if so 
5 i1 ) creating a message (step 107/108) for the user and continu- 

ing with step a) until all the open-ended questions have 
been answered, 
and if not: 

±2) automatically activating the second processing means so as 
10 to carry out steps e) to h) . 

3. Apparatus according to Claim 1 or 2, characterized in that the 
memory means (203) are also provided with at least one expected incor- 
rect answer belonging to the open-ended questions, and in that firstly, 
before steps e) to h) are carried out, fourth processing means are acti- 

15 vated so as to carry out the following steps: 

j) comparing the input first answer with the at least one expected 

incorrect answer ( step 109); 
and if the input first answer corresponds to the at least one expected 
incorrect answer 

giving a hint to the user via the output means ( step 113); 
reading a third answer input by the user via the input means 
(201 ) (step 114); 

comparing the input third answer with the correct answer 
(step 115); 

if the input third answer is correct, giving a message to 

0 

the user (step 116) and continuing with step a) until all 
the open-ended questions have been answered; 
and if both the first answer does not correspond to the at least one 
expected incorrect answer and the third answer does not correspond to 
30 the correct answer 

j5) automatically activating the second processing means so as 
to carry out steps e) to h) . 

4. Apparatus according to Claim 3, characterized in that firstly, 
before step j5) is carried out, fifth processing means are automatically 

35 activated so as to carry out the following steps: 

k) establishing (step 111) whether the difference between the first 
answer and the at least one expected incorrect answer is a second 
error of detail which can be ignored, and if so 
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k1 ) carrying out steps j1) to j3) and, if the third answer then 
does not correspond to the correct answer, carrying out step 
j5); 

and if not 

5 k2) automatically activating the second processing means so as 

to carry out steps e) to h) . 

5. Apparatus according to one of the preceding claims, characterized 
in that firstly, before steps e) to h) are carried out, sixth processing 
means are automatically activated so as to carry out the following 

1 0 steps : 

1) comparing in relative terms the input first answer with the cor- 
rect answer and calculating a first relative error (step 117); 
m) comparing the first relative error with a predetermined first 
threshold value (step 1-18); 
15 and if the first relative error is not greater than the threshold value 
ml) giving a hint to the user via the output means (step 119); 
m2) reading a fourth answer input by the user via the input 

means (201) (step 120); 
mS) comparing the input fourth answer with the correct answer 
20 (step 115); 

m4) if the input fourth answer is correct, giving a message to 
the user (step 116) and continuing with step a) until all 
the open-ended questions have been answered; 
and if either the first relative error is greater than the first thresh- 
25 old value or the fourth answer does not correspond to the correct answer 
m5) automatically activating the second processing means so as 
to carry out steps e) to h) , 

6. Apparatus according to Claim 6, characterized in that the memory 
means (203) are also provided with at least one expected incorrect 

30 answer belonging to the open-ended questions, and in that, if the first 
relative error is greater than the first threshold value, firstly, 
before step m5) is carried out, seventh processing means are activated 
so as to carry out the following steps: 

n) comparing in relative terms the input first answer with the at 
35 least one expected incorrect answer and calculating a second 

relative error (step 121); 
o) comparing the second relative error with a predetermined second 

threshold value (step 122); 
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and if the second relative error is not greater than the second thresh- 
old value 

o1 ) giving a hint to the user via the output means (step 123); 

02 ) reading a fourth answer input by the user via the input 
5 means (201) (step 120); 

03) comparing the input fourth answer with the correct answer 
( step 115); 

04) if the input fourth answer is correct, giving a message to 
the user (step 116) and continuing with step a) until all 

10 the open-ended questions have been answered; 

and if either the second relative error is greater than the second thre- 
shold value or the fourth answer does not correspond to the correct 
answer 

05) automatically activating the second processing means so as 
15 to carry out steps e) to h) . 

7. Apparatus according to one of the preceding claims, characterized 

in that all the answers input by the user via the input means are auto- 
matically stored in the memory means (203). 

20 
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